The intramolecular hetero-Diels-Alder reaction of an aryl imino ether (diene) with an aryl nitrile (dienophile) has been used as the key reaction in an efficient approach to the pyrroquinazolino-quinoline alkaloid, luotonin A. Activation of the diene moiety by the incorporation of a methoxy group played an important role for the hetero Diels-Alder reaction.
Introduction
The rapid synthesis of complex polycyclic molecules is a continuing challenge for organic chemists. One of the most powerful methodologies for the construction of such molecules uses the Diels-Alder reaction. Since its inception in 1928, the Diels-Alder reaction has been widely used for the synthesis of a myriad of bioactive natural products.
1 With the potential of forming not only carbon-carbon bonds but also carbon-heteroatom bonds, this protocol has also been applied to the efficient construction of heterocycle-containing natural products. Since heterocycles comprise the core of various types of bioactive natural products, hetero Diels-Alder reactions, in which either the diene or dienophile may contain one or more heteroatoms, have been extensively studied. 2 We have been especially interested in the reactivity of the acetylene moiety (as a dienophile) in thermal Diels-Alder reactions. 3 In the course of our synthetic study of mappicine, we observed that the aryl-acetylene 2, generated from amide 1 in the presence of TMSCl, i-Pr 2 NEt and ZnCl 2 , provided the cycloadduct 3 in 76% yield under thermal reaction conditions (Scheme 1).
4
Although the ability of a nitrile to act as a dienophile in the Diels-Alder reaction has been disclosed by Dilthey and his coworkers, 5 the applicability of such systems has been little explored.
Here we present a three-step synthesis of luotonin A (4) using the hetero Diels-Alder reaction of an aryl nitrile and a 1-azadiene. 
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Retrosynthetic analysis
Luotonin A (4) was isolated in 1997 from Peganum nigallastrum by Nomura and his coworkers.
6
Owing to its unique structural features and biological activity, luotonin A (4) has attracted considerable attention from organic chemists. Our retrosynthetic analysis for luotonin A (4) is shown in Scheme 2. The intramolecular hetero Diels-Alder reaction of the aryl imino ether 5, obtainable in situ from the amide 6, followed by autoxidation, was expected to provide luotonin A (4). The amide 6 should be prepared easily by condensation of the amine 7 and benzoic acid 8.
Results and Discussion
In practice, 3-(aminomethyl)-2-bromoquinoline (7) 8 was coupled with benzoic acid (8) in the presence of benzotriazol-1-yloxy-tris(dimethylamino)phosphonium hexafluoro-phosphate (BOP) to afford the amide 9 in 92% yield. Introduction of the cyano group at the C-2 position of the bromide 7 was next performed using Sakamoto and Ohsawa's protocol, 9 and the desired cyanide 10 was obtained in 97% yield. After installation of the dienophile part, the amide 10 was subjected to intramolecular hetero Diels-Alder reaction. However, most of the starting material 10 was recovered unchanged and only small account of an unidentifiable compound was formed (Scheme 3).
It is known that both intra-and intermolecular hetero Diels-Alder reactions with alkyl-and aryl nitriles as the heterodienophiles require very high reaction temperatures. 10 To overcome this drawback, a considerable number of investigations have been made. For example, sulfonyl cyanides and cyanoformates, bearing strong electron-withdrawing groups, have been used as practical dienophiles for intermolecular Diels-Alder reactions. 11 However, there is still plenty of room for improvement. In order to solve our own problem, we decided to introduce an electron-donating substituent into a diene unit to increase the HOMO energy. In addition, we expected that methanol could be easily eliminated after cyclization (B) to recover the aromaticity of the benzene ring (C), and so a methoxy group was adopted as the substituent in the diene moiety (A) (Scheme 4). 
Scheme 4
The requisite substrate 13 for the hetero Diels-Alder reaction was prepared by a method similar to that described above (Scheme 5). The cyanide 13 was synthesized through condensation of the amine 7 and 2-methoxybenzoic acid (11) in the presence of BOP. Introduction of a cyano group into 12 gave rise to the amide 13 in 84% yield. With the compound 13 in hand, it was subjected to the key intramolecular hetero Diels-Alder reaction. 5, 127.0, 127.1, 127.4, 127.5, 127.7, 127.8, 128.2, 128.3, 128.7, 130.6, 131.4, 131.9, 133.9, 138.1, 147.8, 167.7. HRMS m/z: C 17 4, 116.6, 127.1, 128.0, 128.7, 128.8, 129.7, 129.8, 131.1, 132.1, 133.3, 133.5, 137.6, 147.5, 167.9. HRMS: C 18 
N-(2-Bromoquinolin-3-ylmethyl)-2-methoxybenzamide (12).
To a stirred solution of the amine 7 (300 mg, 1.27 mmol) and 2-methoxybenzoic acid (11) (193 mg, 1.27 mmol) in CH 2 Cl 2 (13 mL)
were added BOP (562 mg, 1.27 mmol) and Et 3 N (0.35 mL, 2.54 mmol) at room temperature, and then the mixture was stirred at the same temperature for 30 min. After removal of the solvent under reduced pressure, the crude product was chromatographed. Elution with a 2:1 mixture of 1H, d, J=7.5 Hz), 7.09 (1H, ddd, J=8.5, 7.0, 1.0 Hz), 7.47 (1H, ddd, J=9.0, 7.5, 1.5 Hz), 7.56 (1H, ddd, J=8.0, 6.0, 1.5 Hz), 7.71 (1H, ddd, J=9.0, 7.0, 1.5 Hz), 7.82 (1H, d, J=7. 8, 56.0, 111.4, 116.6, 120.6, 121.3, 128.0, 128.7, 129.6, 130.9, 132.3, 133.4, 133.8, 133.9, 137.4, 147.3, 157.9, 165.9. HRMS m/z: C 19 
